The aim of this study was to describe a scoring system for high resolution computed tomographic (HRCT) scans analogous to the International LabourOffice (ILO) scoring system for plain chest radiographs in patients with asbestos related disease. Interstitial fibrosis, pleural disease, and emphysema were scored, the reproducibility and the interobserver agreement using this scoring system were examined, and the extent of the various types of disease was correlated with measurements of lung function. Sixty asbestos workers (five women and 55 men) mean age 59 (range 34-78) were studied. The lungs were divided into upper, middle, and lower thirds. An HRCT score for the extent of pleural disease and pulmonary disease in each third was recorded in a way analogous to the International Labour Office (ILO) method of scoring pleural and parenchymal disease on chest radiographs. A CT score for the extent of emphysema was also recorded. Pleural disease and interstitial fibrosis on the plain chest radiographs were assessed according to the ILO scoring system. A chest radiographic score for emphysema analogous to that used for HRCT was also recorded. Two independent readers assigned HRCT scores that differed by two categories or less in 96%, 92%, and 85% compared with 90%, 78%, and 79% of cases for chest radiographs for fibrosis, emphysema, and pleural disease respectively. There was better intraobserver repeatability for the HRCT scores than for the chest radiograph scores for all disorders. Multiple regression analysis showed that scores for interstitial fibrosis, emphysema, and pleural disease on chest radiographs and HRCT correlated to a similar degree with impairment of lung function.
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It is concluded that the HRCT scoring system allows good inter and intraobserver agreement. The scores using the HRCT scoring system and the ILO scoring system for chest radiographs correlate with impairment of lung function to a similar extent.
Asbestos related lung and pleural disease (ARLPD) is associated with impairment of lung function,'2 and is commonly assessed on chest radiographs according tothe International LabourOffice(ILO)classification ofpneumoconioses.' A previous study suggested that the extent of ARLPD on the plain chest radiograph according to the ILO method correlates with lung function. 4 Computed tomography (CT) of the chest is superior to chest radiography in early detection of asbestosis because the decreased superimposition of structures on CT images allows a better assessment ofthe type, distribution, and severity ofparenchymal abnormalities than is possible on plain chest radiography.56 The use of thin section CT scan and a bone algorithm reconstruction allows higher resolution images to be produced.7 This high resolution computed tomography (HRCT) is helpful in refuting or confirming the presence of pleural disease in asbestos workers and in showing additional unsuspected pulmonary disease. 8 Patients with asbestosis may have, as well as pleural and parenchymal fibrosis, smoking related lung diseases such as chronic airflow limitation and emphysema. Each of these disorders may affect lung function and contribute to the overall disability. It has been shown that HRCT is sensitive in detecting early emphysema.9 Furthermore, the extent of emphysema, as assessed by a scoring system on HRCT and on the pathological specimen, correlated with lung function measurements.9"' In this study we describe an HRCT scoring system analogous to the ILO method for plain chest radiographic assessment of pleural disease, emphysema, and parenchymal fibrosis. The scoring system is compared with the ILO scoring system on plain radiographs with an extension to include emphysema. Interobserver and intraobserver Jarad, Wilkinson, Pearson, Rudd agreement on CT and chest radiographic scores are assessed and scores are correlated with lung function.
Patients and methods

PATIENTS
Sixty subjects who had had previous exposure to asbestos were studied. All chest radiographs and HRCT scans were assessed by two independent readers unacquainted with the diagnosis. Each lung was divided into upper, middle, and lower thirds from lung apex to the level of the costal insertion of the diaphragm. Eight sections representative of each lung third were selected (a total of 24 HRCT slices per patient).
Pleural disease was assessed on HRCT in each third using a method analogous to the ILO classification of pleural disease on the chest radiograph taking into account the extent and width of the pleural disease. Figures representing different grades of the maximum thickening of pleural disease on HRCT were selected because the scale of the HRCT image compared with that of the chest radiograph was 1/10. Figure 1 illustrates in detail the HRCT scoring system for pleural disease.
Lung fibrosis in each third was assessed using a 12 point scoring system based on the ILO score for the chest radiograph.' Emphysema in each lung was also assessed using a 12 point scale analogous to that used to score the interstitial fibrosis. Figures 3, 4 , and 5 illustrate the scoring systems for lung fibrosis and emphysema.
On the chest radiograph pleural and parenchymal disease were scored using the ILO method ( fig 2) . Emphysema was also scored with a 12 point system analogous to the method of scoring of parenchymal fibrosis.
Pleural disease, lung fibrosis, and emphysema in 26 patients were scored on HRCT and the chest radiograph by the two readers on two separate occasions to assess intraobserver agreement.
Scores for patients for each disease were assessed by taking the mean first reading by the two examiners for each disease and were divided into four grades: (0) no disease (score 0-6 for emphysema and fibrosis and 0 for pleural disease), (1) minor disease (score [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] for fibrosis and emphysema and 1-6 for pleural disease), (2) moderate disease (score 19-30 for emphysema and fibrosis and 6-12 for pleural disease), and (3) advanced disease (score more than 30 for fibrosis and emphysema and more than 12 for pleural disease). Figure 5 shows example scores by HRCT.
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Grade 1 (score 7-18 for F and E and 1-6 for P). Grade 2 (score 19-30 for F and E and 7-12 for P). Grade 3 (score 31-66 for F and E and 13-18 for P).
and on HRCT scan, and lung function results expressed as percentages of predicted values. Table 3 shows the grades allocated to each type of disorder on HRCT and chest radiograph. Table 4 shows the frequency of detection of each type of disorder by each technique. Emphysema and pleural disease were assessed as being more advanced and were detected more frequently by HRCT than by chest radiograph whereas there was no significant difference between the techniques in frequency of detection and assessment of severity of fibrosis. The chest radiograph was interpreted as suggesting lung fibrosis in nine patients in whom HRCT showed no lung fibrosis whereas the reverse occurred in three patients.
Good interobserver agreement (difference < 2 points) on the HRCT scores was achieved in 96%, 92%, and 85% compared with 90%, 78%, and 79% for the chest radiograph for fibrosis, emphysema, and pleural disease respectively.
Intraobserver agreement for all diseases was better on the HRCT score than on the chest radiograph score. Figures 6 and 7 give detailed results for inter and intraobserver agreements. Table 5 shows the results of multiple regression analysis of lung functions in relation to lung fibrosis, value. Chest radiograph scores and HRCT explained variance in lung function results to a similar extent.
Discussion
The ILO method of scoring the plain chest radiograph is well established; HRCT is more sensitive than the chest radiograph in assessing pleural disease,415 pulmonary disease,6816 and emphysema.69 In one study,6 evidence of asbestosis was found on HRCT in 34% of 169 cases in whom the chest radiograph was scored less than 1/0 on the ILO scale. A scoring system for pulmonary asbestosis on HRCT has not, however, been described.
We have previously shown that in asbestos workers with no evidence of asbestosis HRCT assesses the extent of pleural disease better than the plain radiograph, and we showed an inverse correlation between the extent of pleural disease and all lung function measurements except the transfer coefficient. '7 In another study, the extent of pulmonary disease on the chest radiograph in patients with asbestosis inversely correlated with lung volumes. 4 In both studies, however, the extent of emphysema was not taken into account. Previous methods for scoring emphysema on CT scan have been shown to correlate well with pathological scores and with lung function.9"' In these studies, patients did not have any parenchymal fibrosis or pleural disease, which can interact with the morphological aspects and functional consequences of emphysema.
In the current study a 12 point scoring system analogous to the ILO method of scoring the chest radiograph was used to assess the extent ofinterstitial fibrosis and emphysema on HRCT. Pleural disease on HRCT was also scored using a system based on the ILO system for the chest radiograph. Minimal degrees of emphysema and pleural diseases were detected by the HRCT more often than on the chest 
